The effects of unilateral castration (UC) and induced 'unilateral cryptorchidism (UCR) on basal plasma luteinizing hormone (LH), follicle stimulating hormone (FSH) and testosterone, and on the responses of these hormones to gonadotropin releasing hormone (GnRH), were investigated in bulls altered at 3, 6 or 9 months of age. Blood plasma was collected before and after GnRH (200 /ag) stimulation approximately 1 year following gonadal manipulation. Neither mean baseline concentrations nor GnRH-induced increases in plasma testosterone were altered (P>.l) by hemicastration or UCR (P>.l). Both mean baseline LH and GnRH-induced LH release were greater (P<.05) in bulls altered at 3 months of age than in bulls altered at 9 months of age. UC increased (P<.05) plasma LH response to GnRH over that observed in intact bulls, but not above that in UCR burs. UCR had no detectable effect on either baseline concentrations or GnRH-stimulated LH release. 
mals altered at 3 months of tgr but increased (P<.05) in UCR bulls alto:red at both 6 and 9 months of age when coml~red to FSH in intact bulls. The results indicate that, compared with intact bulls, UC bulls release increased amounts of both gonadotropins but similar amounts of testosterone Jn response to GnRH stimulation. UCR had ~ variable effect on FSH release and did not alter either LH or testosterone. (Key Words: Unilatertl Castration, Unilateral Cryptorchidism, Gonadotropin Releasing Hormone, Luteinizing Hormone, Testosterone, Follicle Stimulating Hormone,)
IntroduGtion
Removal of one testicle causes compcnsa o tory growth of the remaining gonad in several species, including the rat (Grant, 1956) , guinea pig (Pierce, 1972) , ram (Voglmayr and Matmet, 1968; Riesen et al., 1977) , boar (Swierstra and Rahnef 9 1968) and bull (Johnson, 1978; Barnes et al., 1980b; Leidl et al., 1980) . Recently, this compensatory hypertrophy of the remaining gonad has been associated with greater amounts of both interstitial and tubular tissue in the testis and also with an increase in androgen production (Johnson, 1978; Barnes et aL, 1980c) . Peripheral luteinizing hormone (LH) does not appear to be affected by hemicastration (Barnes et al., 198Oc; Leidl et al., 1980) , while plasma follicle stimulating hormone (FSH) may be increased (Leidl et aL, 1980) , suggesting that different factors may regulate LH and FSH release in the male.
Induced cryptorchidism in bulls depressed testosterone and increased both LH and FSH concentrations in peripheral plasma (Schanbacher, 1978) . In rams, cryptorchidism in. creased serum FSH as a result of germinal aplasia (Schanbacher and Ford, 1977) increased LH while testosterone levels remained normal. These findings suggest the possibility that some tubular entity has regulatory influences on secretion of both gonadotropins. The effects of unilateral cryptorchidism in the bull have not been reported, but this treatment, like hemicastration, may be useful in investigations of pituitary-gonadal endocrine relationships. Our objective in the present study was to investigate the effects of hemicastration and induced unilateral cryptorchidism on the subsequent pituitary and gonadal endocrine response to gonadotropin releasing hormone (GnRH) challenge.
Materials and Methods
Animals. Thirty-three Holstein bulls were randomly assigned to remain intact (IN), be unilaterally castrated (UC) or be made unilateral cryptorchid (UCR) at 3, 6 or 9 months of age. Intact animals were sham operated and one testis was physically manipulated. Approximately 330 days after treatment (at ages 15, 18 and 21 months, respectively), all bulls were subjected to serial blood sampiing and subsequently chaUenged with 200 pg GnRH 4. Blood was collected via jugular cannulas inserted 18 hr before sampling. Bulls were sampled at 30-min intervals for 5 hr before GnRH challenge, then at 20-rain intervals for 4 hr and finally at 30-rain intervals for an additional 3 hours. GnRH was administered via jugular cannula. Blood samples were centrifuged as soon as possible and plasma was stored at -20 C.
Hormone Radioimmunoassay. Plasma FSH was quantified by the homologous doubleantibody radioimmunoassay described by Cheng (1978) and revalidated in our laboratory (Barnes et al., 1980a) . All samples were assayed in duplicate, and values are expressed in terms of bFSH H5-2-17, the properties of which were previously described (purity = 100 x NIH-FSH-B1; Cheng, 1978) . When tested with the highly purified bovine FSH, the specific bovine FSH antiserum showed only sligiit cross-reactivities (<2%) with NIH-LH-B9 and NIH-TSH-B6 and less than 1.0% cross-reactivity with other pituitary hormones.
4Cysterelin, Abbott Laboratories, Chicago. s University of Georgia #190.
The sensitivity of the standard reference curve ranged from I00 pg to 10 ng of bFSH H5-2-17 and produced parallel inhibition curves with bull and steer plasma added to standards. Intra-and interassay coefficients of variation calculated for plasma pools were 4.8 and 12.4%, respectively.
The radioimmunoassay of LH was pc[-formed through a homologous system with specific antibovine LH serum s prepared by the method of Vaitukaitus et al. (1971) . The specific antiserum was used at a 1:80,000 dilution and bound 45% of radiolabeled LH in the absence of unlabeled hormone. With NIH-LH-B9 as a reference standard, the antiserum showed only slight cross-reactivities with NIH-FSH-B1 (3.9%) and NIH-TSH-B6 (8.0%) and less than 1% cross-reactivity with other pituitary hormones. The standard curve ranged from 50 pg to 10 ng NIH-LH-B9, and standards added to plasma pools produced inhibition curves parallel to that obtained with standard LH. All samples were assayed in duplicate, and intra-and interassay coefficients of variation calculated for plasma pools averaged 9.4 and 11.3%, respectively.
Plasma testosterone concentration was determined in duplicate 10-Vl samples by a modification of the method of Gay and Kerlan (1978) . Plasma was incubated for 30 rain at 70 C before being assayed for testosterone content. The specific antiserum (anti-testosterone-ll-BSA, $250), used at a dilution of 1:60,000, bound 50% of the (3 H) testosterone in the absence of unlabeled hormone, and standards added to heat-treated plasma pools showed parallel inhibition curves with testosterone. The antiserum showed only minimal cross-reacrivity (<2%) with cholesterol, estradiol, progesterone, hydrocortisone, DHA, androstenedione and androsterone, but did cross-react strongly (70%) with dihydrotestosterone (DHT). Since plasma concentrations of this hormone are quite low in bulls (Schanbather, 1976 ), separation was not performed, and all values include combined measures of both DHT and testosterone sensitivity of the assay ranged from 2 to 500 picograms. Intraand interassay coefficients of variation calculated for plasma pools averaged 13.7 and 15.9%, respectively.
Statistical Analysis. Areas under the baseline and GnRH response curves for the various hormones were computed for each animal by integration. These areas were then analyzed as completely randomized split-plot designs, with testis treatment and age as the main effects. Subplot effects were the two periods considered (average interval areas for baseline and response). Within each period, means for certain pairs of treatment effects were compared by linear contrasts.
Results
The mean baseline and response integrated areas for LH, FSH and testosterone are presented in table 1 by age at treatment and treatment group. Analysis of integrated areas under the baselines and under the GnRH response curves revealed that gonadal manipulation and GnRH challenge affected LH, FSH and testosterone response differently. LH was greater (P<.05) in IN group bulls started on trial at 3 months of age than in IN bulls started at 9 months (table 1), but was unaffected by either UC or UCR. After GnRH infusion, LH increased sharply (P<.01) in all bulls within 20 min (figures 1 and 2) and reached peak values within 1 hour. Overall, LH response to GnRH infusion was greater (P<.02) in bulls altered at 3 months than in bulls altered at 9 months of age. Overall, UC increased LH response to GnRH (P<.05) over that in IN bulls but not UCR bulls. Bulls hemicastrated at 3 months of age exhibited the greatest LH response to GnRH; the response exceeded (P<.01) that in IN bulls altered at either 6 or 9 months of age and that in UCR bulls altered at 9 months of age (P<.02).
Basal FSH was not influenced by age at time of treatment (table 1, figure 3) or testis treatment overall, but did tend to be greater in UC bulls (P<.l; figure 4). There was an age • treatment interaction for basal FSH. Bulls UCR at 3 months of age had lower (P<.01) concentrations of circulating FSH than did either 3-month IN (P<.05) or 3-month UC bulls. These differences were reversed among animals altered at 9 months of age, however; 9-month UCR bulls had higher basal FSH than either 9-month IN bulls (P<.02) or 9-month UC bulls (P<.01). Like LH, FSH increased sharply (P<.01) within 20 min after GnRH in all bulls. Hemicastration increased (P<.02) FSH response to GnRH stimulation overall, while age at testis treatment did not affect FSH response bvalues are least-squares means for integrated areas under hormone baseline profiles for the 5-hr period before GnRH infusion.
C'Values are least-squares means for integrated areas under hormone response profiles for the 7-hr period following GnRH infusion.
d'eMeans in the same row with different superscripts differ (P<.05).
f'gMeans in the same column with different superscripts differ (P<.05).
overall. Bulls UCR at 3 months of age exhibited a lower FSH response to GnRH than did either IN or UC bulls (P<.05) of the same age group or UCR bulls altered at either 6 or 9 months of age (P<.01). Both 6-month UC and UCR bulls had a greater (P<.05) FSH response to GnRH than did IN bulls of the same age group.
No differences (P>.l) due to age at treatment (table 1, figure 5) or testis treatment (figure 6) were detected in either mean basal testosterone or integrated testosterone response area following GnRH infusion. Testosterone began to increase by 20 min after GnRH infusion in all groups but did not reach peak values until 2 to 3 hr later, approximately 2 hr after the detection of maximum LH and FSH. In all groups, mean integrated testosterone area following GnRH was elevated (P<.01) above pretreatment values. Testosterone concentration declined to pretreatment values by 6 hr after GnRH infusion.
Discussion
Analysis of integrated areas beneath profiles formed by the plot of hormone concentrations versus time of collection has been shown to be an effective method of comparison (Thibier, 1976; Welsh et al., 1979) . Plasma concentrations of LH, FSH and testosterone and analysis of integrated areas under response curves in hemicastrates and UCR bulls demonstrate some interesting effects of these treatments on testis and pituitary function. The similarities in androgen production among IN, UC and UCR bulls suggest that the single intact testis of UC or UCR bulls is sufficient to maintain both basal testosterone concentrations and GnRH-induced elevations compa- rable to concentrations detected in IN bulls. Previous investigations had demonstrated the ability of the hemicastrate to increase testosterone production per testis to maintain mean concentrations comparable to those of IN bulls (Johnson, 1978; Barnes et al., 1980c; Leidl et al., 1980) , but the capacity of the UC to respond to GnRH challenge had not been reported. Apparently, the greater amounts of interstitial tissue in the remaining testis of the hemicastrate (Johnson, 1978; Barnes et al., 1980d) are indicative of a proliferation of Leydig cells or an increase in steroidogenic capacity of Leydig cells in the hypertrophied testis. This would make steroid production comparable to that in UC and IN bulls possible. Schanbacher (1978) reported lower testoster ~ one concentration in cryptorchid bulls coincident with increased LH and FSH, suggesting that damage had occurred in the intertubular as well as the tubular compartments of the cryptorchid testis. Although the present study did not identify the source of testosterone, UCR bulls did have plasma concentrations of testosterone similar to those in IN bulls. The intact testis Of the unilateral cryptorchid bulls showed some degree of compensatory hypertrophy (M. A, Barnes, unpublished daia) . This suggests that the iN testis in UCR bulls may have been the predominant source of peripheral testosterone, Increases iti gonadotropin concentrations in bulls in response to castration (McCarthy and Swanson, 1976) and induced cryptorchidism (Schanbacher, 1978) have been reported. HoWever, previous work has failed to demonstrate a~y increase in peripheral LH in hemicastrates (Johnson, 1978; Barnes et al, 1980c; Leidl et al,, 1980) . While basal LH was not altered by either UC or UCR in the present study, LH concentrations after GnRH challenge were greater in UC bulls than in IN bulls. This suggests gonadal in- (1979) reported higher LH concentrations in both castrates and short scrotum bulls than in IN during attainment of puberty, presumably due to reduced androgen suppression of the pituitary. Apparently, testosterone production by the hypertrophied testis of the UC bull is insufficient to regulate pituitary LH response to GnRH in a manner similar to that in IN bulls. This increase in pituitary response may be due to an alteration in sensitivity to GnRH, possibly through changes in receptor populations. The failure K. W. Cheng, Univ. of Manitoba.
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of UCR to alter peripheral LH suggests that the interstitial portion of the cryptorchid testis, in combination with the partially hypertrophied intact testis, may compensate with sufficient androgen production to suppress the LH increase reported in bilateral cryptorchid bulls (Schanbacher, 1978) .
Peripheral FSH concentrations in bulls in the present study were considerably lower in magnitude than FSH values previously reported in bulls (Schanbacher and Echternkamp, 1978; Schanbacher, 1978) . The lower FSH values reported here were a result of the use of the highly purified bFSH (H5-2-17) 6 as reference standard, instead of NIH-FSH-B1. The purer bFSH has been demonstrated to exhibit activity equal to 100x NIH-FSH-B1 (Cheng, 1978) and provides a more accurate indication of FSH activity in bovine plasma. Further, presence of LH in the plasma does not interfere with estimates of FSH activity when values are compared to .the bFSH H5-2-17 standard (Cheng, 1978; Barnes et aL, 1980a) ; this is not the case when NIH-FSH-B1 is used as reference standard (Cheng, 1978; Schanbacher and Echternkamp, 1978) . Peripheral FSH response to gonadal manipulation and age at treatment was more variable than testosterone or LH response. While basal FSH tended to be greater in UC than in IN bulls, FSH response to GnRH stimulation was decidedly greater in UC than in intact balls. It appears that LH and FSH responded similarly to hemicastration. However, this does not necessarily indicate that both gonadotropins are regulated by the same entities within the testis. It has been demonstrated that both the intertubular and tubular portions of the IN testis hypertrophy following hemicastration in the bull (Johnson, 1978; Barnes et al., 1980d) . Thus, the hypertrophied testis of the UC not only has an increased potential for the production of steroid hormone to regulate LH, but also has the potential for increased Sertoli cell inhibin and estradiol production, both of which may regulate FSH (Dorrington and Armstrong, 1975; Steinberger and Steinberger, 1977; Chaff et al,, 1978) . The increase in FSH in UC bulls in response to GnRH suggests that hemicastration did limit gonadal regulation of FSH release in response to challenge.
The germinal elements of the cryptorchid testis in UCR bulls were effectively destroyed in the present study, as evidenced by histologic examination and testis and epididymal sperm counts (not reported). UC bulls altered at 3 months of age had lower periperhal FSH concentrations than bulls in any other treatment group. Interestingly, bulls UCR at 9 months of age had higher basal FSH than UC and IN bulls of the same age, and both UCR bulls altered at both 6 months of age and UCR bulls altered at 9 months exhibited a greater FSH response to GnRH than intacts, suggesting decreased gonadal-mediated FSH suppression in these groups. The reason for this differential effect of UCR on FSH is not clear. The ability of the older UCR animals to secrete more FSH in response to stimulation than intacts presumably is due to decreased inhibin and estrogen pituitary suppression stemming from destruction of the tubular portion of the cryptorchid testis. Apparently, this loss of tubular tissue in the UCR is not compensated for by the intact testis. Why the younger UCR bulls secreted significantly less FSH remains in question. Currently, there is no information to indicate that peripheral FSH varies with age in the bull; such a phenomenon might provide clues as to why UCR at 3 months of age exerts a different effect on peripheral FSH than does UCR at 6 or 9 montl~ of age. McCarthy et al. (1979) failed to detect any change in serum FSH in either bulls or short scrotum bulls between 1 and 10 months of age. At present, there is a paucity of information concerning FSH regulation in the bull and speculation is difficult.
Hemicastration and UCR in the bull appear to affect testicular steroid production markedly. Gonadal manipulation resulted in increased testosterone production by an individual testis. While both LH and FSH secretion in response to GnRH challenge appeared to be elevated by UC, only FSFI was altered in UCR bulls, suggesting different mechanisms by which pituitary gonadotropins may be regulated. Both UC and UCR appear to be useful tools for investigating pituitarygonadal relationships and may eventually provide insight into methods for manipulating endocrine relationships to increase gamete production. Figure 6 . Mean testosterone concentrations before and after GnRH (t) in intact (A--a), UC (0--0) and UCR (n-o) bulls (combined by ages at treatment).
Literature Cited
